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DETAILED ACTION 
Claim Objections 

1 . A series of singular dependent claims is permissible in which a dependent claim refers to a 
preceding claim which, in turn, refers to another preceding claim. 

A claim, which depends from a dependent claim, should not be separated by any claim, which 
does not also depend from said dependent claim. It should be kept in mind that a dependent claim may 
refer to any preceding independent claim. In general, applicant's sequence will not be changed. See 
MPEP§608.01(n). 

Claim 4 is objected to because of the following: on page 13, in line 1 of claim 4, "in accordance with claim 
12" is incorrect. It should be - in accordance with claim 3--. Appropriate correction is required. 

2. Claim 12 is objected to because of the following informalities: On page 15, lines 4-5, "the first 
means is g the adjustable delay constant continuously supplying" is incorrect. It should be -the first 
means is continuously supplying-. Appropriate correction is required. 

3. Claim 12 is objected to because of the following informalities: On page 15, line 10; "the constant 
delay or the programmable delay circuit" is incorrect. It should be - the constant delay of the 
programmable delay circuit-. Appropriate correction is required. 

Claim Rejections - 35 USC § 102 

4. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the basis for 
the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(b) the invention was patented or described in a printed publication in this or a foreign country or in public 
use or on sale in this country, more than one year prior to the date of application for patent in the United 
States. 

5. Claim 1 is rejected under 35 U.S.C. 102(b) as being anticipated by Dinteman (US 5,948,115). 
Dinteman anticipates claim 1. 

Dinteman teaches an apparatus for providing a jittery test signal for use in an integrated circuit (IC) test, 
the apparatus comprising: a programmable delay circuit for delaying a first signal with an adjustable delay 
controlled by an input digital delay word to produce a test signal, and first means for supplying a 
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sequence of digital data words as input to the programmable delay circuit for varying the adjustable delay 
so that the test signal jitters relative to the first signal (fig. 4, 6, col. 3, lines 25-33, col. 4, lines 57-63, col. 
6, lines 30-51, col. 8, lines 38-62, Dinteman). 

Claim Rejections -35USC§103 

6. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all obviousness 

rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

7. The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148 USPQ 459 (1966), 
that are applied for establishing a background for determining obviousness under 35 U.S.C. 103(a) are 
summarized as follows: 

1 . Determining the scope and contents of the prior art. 

2. Ascertaining the differences between the prior art and the claims at issue. 

3. Resolving the level of ordinary skill in the pertinent art. 

4. Considering objective evidence present in the application indicating obviousness or 
nonobviousness. 

8. Claims 2, 3 are rejected under 35 U.S.C. 103(a) as being unpatentable over Dinteman (US 
5,948,115) as applied to claim 1 above, and further in view of Churchill et al. (US 6,006,347). 

As per claim 2, Dinteman substantially teaches the claimed invention described in claim 1 (as rejected 
above). 

However Dinteman does not explicitly teach the specific use of the apparatus wherein the programmable 
delay circuit resides within the IC. 

Churchill et al. in an analogous art teach the integrated circuit, wherein the programmable scan circuit 
comprises: a logic circuit selectively decoding the scan data; and a programmable delay circuit coupled to 
the logic circuit (fig. 3, col. 20, lines 28-31, Churchill et al.). 

Therefore it would have been obvious to one of ordinary skill in the art at the time the invention was made 
to modify Dinteman's patent with the teachings of Churchill et al. by including an additional step of using 
the apparatus wherein the programmable delay circuit resides within the IC. 
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This modification would have been obvious to one of ordinary skill in the art, at the time the invention was 
made, because one of ordinary skill in the art would have recognized that using the apparatus wherein 
the programmable delay circuit resides within the IC would provide the opportunity to test the embedded 
circuits in the IC using a short signal path with less noise. 

• As per claim 3, Dinteman and Churchill et al. teach the additional limitations. 
Dinteman teaches the apparatus wherein the first means comprises a programmable pattern generator 
(fig. 6, col. 6, lines 30-34, Dinteman). 

9. Claim 4 is rejected under 35 U.S.C. 103(a) as being unpatentable over Dinteman (US 5,948,115) 
and Churchill et al. (US 6,006,347) as applied to claim 3 above, and further in view of Adams et al. (US 
5,796,745). 

As per claim 4, Dinteman and Churchill et al. substantially teaches the claimed invention described in 
claim 3 (as rejected above). 

However Dinteman and Churchill et al. do not explicitly teach the specific use of the apparatus wherein 
the first means resides within the IC. 

Adams et al. in an analogous art teach that referring to FIG. 1 , an ABIST circuit on an integrated circuit 1 0 
in accordance with the present invention includes a programmable pattern generator circuit 100 (fig. 1, 
col. 3, lines 31-33, Adams et al.). 

Therefore it would have been obvious to one of ordinary skill in the art at the time the invention was made 
to modify Dinteman's patent with the teachings of Adams et al. by including an additional step of using the 
apparatus wherein the first means resides within the IC. 

This modification would have been obvious to one of ordinary skill in the art, at the time the invention was 
made, because one of ordinary skill in the art would have recognized that using the apparatus wherein 
the first means resides within the IC would provide the opportunity to test the circuits in the IC that are not 
accessible through the IC's input output terminals. 

10. Claim 5 is rejected under 35 U.S.C. 103(a) as being unpatentable over Dinteman (US 5,948,115), 
Churchill et al. (US 6,006,347) and Adams et al. (US 5,796,745) as applied to claim 4 above, and further 
in view of Osawa et al. (US 5,815,512). 
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As per claim 5, Dinteman, Churchill et at. and Adams et al. substantially teaches the claimed invention 
described in claim 4 (as rejected above). 

However Dinteman, Churchill et al. and Adams et al. do not explicitly teach the specific use of the 
apparatus wherein the IC includes a subcircuit and wherein the apparatus further comprises: second 
means within the IC for selectively applying either the first signal or the test signal as an input signal to 
the subcircuit. 

Osawa et al. in an analogous art teach that the selector circuit 233... shift mode control signal (fig. 1 , col. 
33, lines 57-67, Osawa et al.). 

Therefore it would have been obvious to one of ordinary skill in the art at the time the invention was made 
to modify Dinteman's patent with the teachings of Osawa et al. by including an additional step of using the 
apparatus wherein the IC includes a subcircuit and wherein the apparatus further comprises: second 
means within the IC for selectively applying either the first signal or the test signal as an input signal to 

i 

the subcircuit. 

This modification would have been obvious to one of ordinary skill in the art, at the time the invention was 

made, because one of ordinary skill in the art would have recognized that it would provide the opportunity 

to select the signal input to the circuit depending on the operation mode of the circuit. 

11. Claim 6 is rejected under 35 U.S.C. 103(a) as being unpatentable over Dinteman (US 5,948,115) 

as applied to claim 1 above, and further in view of Osawa et al. (US 5,815,512). 

As per claim 6, Dinteman substantially teaches the claimed invention described in claim 1 (as rejected 

above). 

■ ■ 

However Dinteman does not explicitly teach the specific use of the apparatus further comprising: means 
for delivering the first signal from an input terminal of the IC to the second means. 
Osawa et al. in an analogous art teach that the selector circuit 233... shift mode control signal (fig. 1, col. 
33, lines 57-67, Osawa et al.). 

Therefore it would have been obvious to one of ordinary skill in the art at the time the invention was made 
to modify Dinteman's patent with the teachings of Osawa et al. by including an additional step of using the 
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apparatus further comprising: means for delivering the first signal from an input terminal of the IC to the 
second means. 

This modification would have been obvious to one of ordinary skill in the art, at the time the invention was 
made, because one of ordinary skill in the art would have recognized that using the apparatus further 
comprising: means for delivering the first signal from an input terminal of the IC to the second means 
would provide the opportunity to provide an external signal to an IC circuit. 

12. Claim 7 is rejected under 35 U.S.C. 103(a) as being unpatentable over Dinteman (US 5,948,115), 
Churchill et al. (US 6,006,347), Adams et al. (US 5,796,745) and Osawa et al. (US 5,815,512) as applied 
to claim 5 above, and further in view of Takatsuka et al. (US 6,501,693 B2). 

As per claim 7, Dinteman, Churchill et al., Adams et al. and Osawa et al. substantially teach the claimed 
invention described in claim 5 (as rejected above). 

However Dinteman, Churchill et al., Adams et al. and Osawa et al. do not explicitly teach the specific use 
of the apparatus further comprising: second means within the IC for selectively applying either a second 
signal or the test signal as an input signal to the subcircuit. 

Takatsuka et al. in an analogous art teach that a selector circuit... test mode (col. 12, lines 5-8, Takatsuka 
et al.). 

Therefore it would have been obvious to one of ordinary skill in the art at the time the invention was made 
to modify Dinteman's patent with the teachings of Takatsuka et al. by including an additional step of using 
the apparatus further comprising: second means within the IC for selectively applying either a second 
signal or the test signal as an input signal to the subcircuit. 

This modification would have been obvious to one of ordinary skill in the art, at the time the invention was 
made, because one of ordinary skill in the art would have recognized that using the apparatus further 
comprising: second means within the IC for selectively applying either a second signal or the test signal 
as an input signal to the subcircuit would provide the opportunity to select the signal input to the circuit 
depending on the operation mode of the circuit. 

13. Claims 8-9 are rejected under 35 U.S.C. 103(a) as being unpatentable over Dinteman (US 
5,948,115), Churchill et al. (US 6,006,347), Adams et al. (US 5,796,745), Osawa et al. (US 5,815,512) 



Application/Control Number: 10/646,957 ' Page 7 

Art Unit: 2138 

and Takatsuka et al. (US 6,501,693 B2) as applied to claim 7 above, and further in view of Bhawmik et al. 
(US 6,463,560 B1). 

As per claim 8, Dinteman, Churchill et al., Adams et al., Osawa et al. and Takatsuka et al. substantially 
teach the claimed invention described in claim 7 (as rejected above). 

However Dinteman, Churchill et al., Adams et al., Osawa et al. and Takatsuka et al. do not explicitly teach 
the specific use of the apparatus further comprising: third means residing within the IC for generating the 
first signal. 

Bhawmik et al. in an analogous art teach that the pattern generator may be a BIST structure comprising 
part of the internal circuitry of the IC, which generates the test patterns (col. 1, lines 21-23, Bhawmik et 

al.). 

Therefore it would have been obvious to one of ordinary skill in the art at the time the invention was made 
to modify Dinteman's patent with the teachings of Bhawmik et al. by including an additional step of using 
the apparatus further comprising: third means residing within the IC for generating the first signal. 
This modification would have been obvious to one of ordinary skill in the art, at the time the invention was 
made, because one of ordinary skill in the art would have recognized that using the apparatus further 
comprising: third means residing within the IC for generating the first signal would provide the opportunity 
to provide the test patterns to test circuits in the IC. 

« 

« 

• As per claim 9, Dinteman, Churchill et al., Adams et al., Osawa et al., Takatsuka et al. and 
Bhawmik et al. teach the additional limitations. 
Bhawmik et al. teach the apparatus wherein the third means also monitors an output signal of the 
subcircuit to determine whether it behaves in a particular manner while the second means applies the test 
signal as the input signal to the subcircuit (col. 1, lines 16-23, Bhawmik et al.). 

i 

14. Claims 10, 11 are rejected under 35 U.S.C. 103(a) as being unpatentable over Dinteman (US 
5,948,115) as applied to claim 1 above, and further in view of Chetlur et al. (US 6,535,014 B2). 
As per claim 10, Dinteman substantially teaches the claimed invention described in claim 1 (as rejected 
above). Dinteman also teaches the apparatus wherein the first means alternatively continuously supplies 
a digital data word to the programmable delay circuit to hold the adjustable delay constant, the first 
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means continuously supplies a digital data word to the programmable delay circuit to hold the adjustable 
delay constant and the first signal input to the programmable delay circuit (fig. 6, col. 5, lines 45-46, col. 6, 

* 

lines 16-20, col. 6, lines 30-34, Dinteman). Dinteman also teaches the first signal input with a period that 
is a function of the delay provided by the programmable delay circuit (col. 6, lines 39-43, Dinteman). 
However Dinteman does not explicitly teach the specific use of the apparatus that further comprises: a 
multiplexer for receiving a second signal and the test signal and for selectively supplying either the 
second signal or the test signal, wherein the test signal oscillates and the multiplexer supplies the test 
signal. 

Chetlur et al. in an analogous art teach an integrated circuit. ..circuit path (fig. 1 ( col. 6, lines 10-24, 
Chetlur et al.). 

Therefore it would have been obvious to one of ordinary skill in the art at the time the invention was made 
to modify Dinteman's patent with the teachings of Chetlur et al. by including an additional step of using 
the apparatus that further comprises: a multiplexer for receiving a second signal and the test signal and 
for selectively supplying either the second signal or the test signal, wherein the test signal oscillates and 
the multiplexer supplies the test signal. 

This modification would have been obvious to one of ordinary skill in the art, at the time the invention was 
made, because one of ordinary skill in the art would have recognized that it would provide the opportunity 
to selectively provide the test signal or an input signal to the signal delay circuit. 

• As per claim 1 1 , Dinteman and Chetlur et al. teach the additional limitations. 
Dinteman teaches the apparatus further comprising: third means for generating data that is a function of a 
period of the test signal (fig. 2, 6, col. 2, lines 3-38, col. 6, lines 39-43, Dinteman). 
Dinteman also teaches that the first means continuously supplies a digital data word to the programmable 
delay circuit to hold the adjustable delay constant (fig. 6, col. 5, lines 45-46, col. 6, lines 16-20, col. 6, 
lines 30-34, Dinteman). 

Chetlur et al. teach that the multiplexer supplies the test signal as the first signal input (fig. 1 , col. 6, lines 
22-24, Chetlur et al.). 
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15. Claim 12 is rejected under 35 U.S.C. 103(a) as being unpatentable over Dinteman (US 
5,948,115) as applied to claim 1 above, and further in view of Chetlur et al. (US 6,535,014 B2) and 
Osawa et al. (US 5,815,512). 

As per claim 12, Dinteman substantially teaches the claimed invention described in claim 1 (as rejected 
above). Dinteman also teaches the apparatus wherein the first means comprises a programmable pattern 
generator for supplying a sequence of digital delay data words to the programmable delay circuit for 
varying its delay with time and for alternatively continuously supplying a digital data word to the 
programmable delay circuit to hold its delay constant and the first means is continuously supplying a 
digital data word to the programmable delay circuit to hold its delay constant (fig. 6, col. 5, lines 45-46, 
col. 6, lines 16-20, col. 6, lines 30-34, col. 6, lines 44-48, Dinteman). . 

Dinteman also teaches that the first means is supplying the sequence of digital delay words to the 
programmable delay circuit and for supplying the test signal as the first signal input to the programmable 
delay circuit (fig. 6, col, 6, lines 30-51, Dinteman). 

i 

Dinteman teaches the test signal as the first signal input to the programmable delay circuit with a period 
that is a function of the constant delay of the programmable delay circuit (col. 5, lines 45-47, Dinteman). 
However Dinteman does not explicitly teach the specific use of the IC that includes a subcircuit, and 
wherein the apparatus further comprises: second means for selectively applying the test signal as an 
input signal to the subcircuit. 

Osawa et al. in an analogous art teach that the selector circuit 233. . . shift mode control signal (fig. 1 , col. 
33, lines 57-67, Osawa et al.). 

Therefore it would have been obvious to one of ordinary skill in the art at the time the invention was made 
to modify Dinteman's patent with the teachings of Osawa et al. by including an additional step of using the 
IC that includes a subcircuit, and wherein the apparatus further comprises: second means for selectively 
applying the test signal as an input signal to the subcircuit. 

This modification would have been obvious to one of ordinary skill in the art, at the time the invention was 
made, because one of ordinary skill in the art would have recognized that it would provide the opportunity 
to select the signal input to the circuit depending on the operation mode of the circuit. 
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Dinteman also does not explicitly teach the specific use of a multiplexer for receiving a second signal and 
the test signal and for supplying the second signal as the first signal input and the test signal oscillates. 
However Chetlur et al. in an analogous art teach an integrated circuit... circuit path (fig. 1, col. 6, lines 10- 
24, Chetlur et al ). 

Therefore it would have been obvious to one of ordinary skill in the art at the time the invention was made 
to modify Dinteman's patent with the teachings of Chetlur et al. by including an additional step of using a 
multiplexer for receiving a second signal and the test signal and for supplying the second signal as the 
first signal input and the test signal oscillates. 

This modification would have been obvious to one of ordinary skill in the art, at the time the invention was 
made, because one of ordinary skill in the art would have recognized that it would provide the opportunity 
to selectively provide the test signal or an input signal to the signal delay circuit. 
16. Claim 13 is rejected under 35 U.S.C. 103(a) as being unpatentable over Dinteman (US 
5,948,115), Chetlur et al. (US 6,535,014 B2) and Osawa etal. (US 5,815,512) as applied to claim 12 
above, and further in view of Churchill et al. (US 6,006,347), Adams et al. (US 5,796,745) and Takatsuka 
etal. (US 6,501,693 B2). 

As per claim 13, Dinteman, Chetlur et al. and Osawa et al. substantially teaches the claimed invention 
described in claim 12 (as rejected above). Chetlur et al. also teaches the apparatus wherein the 
multiplexer reside within the IC (multiplexer 13 in fig. 1, col. 3, lines 9-12, line 33, Chetlur et al.). 
However Dinteman, Chetlur et al. and Osawa et al. do not explicitly teach the specific use of the 
apparatus wherein the programmable delay circuit resides within the IC. 

Churchill et al. in an analogous art teach the integrated circuit, wherein the programmable scan circuit 
comprises: a logic circuit selectively decoding the scan data; and a programmable delay circuit coupled to 
the logic circuit (fig. 3, col. 20, lines 28-31, Churchill et al.). 

Therefore it would have been obvious to one of ordinary skill in the art at the time the invention was made 
to modify Dinteman's patent with the teachings of Churchill et al. by including an additional step of using 
the apparatus wherein the programmable delay circuit resides within the IC. 
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This modification would have been obvious to one of ordinary skill in the art, at the time the invention was 
made, because one of ordinary skill in the art would have recognized that using the apparatus wherein 
the programmable delay circuit resides within the IC would provide the opportunity to test the embedded 
circuits in the IC using a short signal path with less noise. 

Dinteman, Chetlur et al. and Osawa et al. also do not explicitly teach the specific use of the apparatus 
wherein the programmable pattern generator resides within the IC. 

Adams et al. in an analogous art teach that referring to FIG. 1, an ABIST circuit on an integrated circuit 10 
in accordance with the present invention includes a programmable pattern generator circuit 100 (fig. 1, 
col. 3, lines 31-33, Adams et al.). 

Therefore it would have been obvious to one of ordinary skill in the art at the time the invention was made 
to modify Dinteman's patent with the teachings of Adams et al. by including an additional step of using the 
apparatus wherein the programmable pattern generator resides within the IC. 

This modification would have been obvious to one of ordinary skill in the art, at the time the invention was 
made, because one of ordinary skill in the art would have recognized that using the apparatus wherein 
the programmable pattern generator resides within the IC would provide the opportunity to test the circuits 
in the IC that are not accessible through the IC's input output terminals. 

Dinteman, Chetlur et al. and Osawa et al. also do not explicitly teach the specific use of the apparatus 
wherein the second means reside within the IC. 

Takatsuka et al. in an analogous art teach that a selector circuit... test mode (col. 12, lines 5-8, Takatsuka 

« 

et al.). 

Therefore it would have been obvious to one of ordinary skill in the art at the time the invention was made 
to modify Dinteman's patent with the teachings of Takatsuka et al. by including an additional step of using 
the apparatus wherein the second means reside within the IC. 

This modification would have been obvious to one of ordinary skill in the art, at the time the invention was 
made, because one of ordinary skill in the art would have recognized that using the apparatus wherein 
the second means reside within the IC would provide the opportunity to select the signal input to the 

* 

circuit depending on the operation mode of the circuit. 
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17. Claim 14 is rejected under 35 U.S.C. 103(a) as being unpatentable over Dinteman (US 
5,948,1 15), Chetlur et al. (US 6,535,014 B2), Osawa et al. (US 5,815,512), Churchill et al. (US 
6,006,347), Adams et al. (US 5,796,745) and Takatsuka et al. (US 6,501 ,693 B2) as applied to claim 1 3 
above, and further in view of Bhawmik et al. (US 6,463,560 B1). 

As per claim 14, Dinteman, Chetlur et al. and Osawa et al., Churchill et al., Adams et al. and Takatsuka et 
al. substantially teaches the claimed invention described in claim 13 (as rejected above). Dinteman 
teaches that the data is a function of a period of the test signal (fig. 2, col. 2, lines 3-38, Dinteman). 
Chetlur et al. also teach that the test signal oscillates (fig. 1 , col. 6, lines 1 0-24, Chetlur et al.). 
However Dinteman, Chetlur et al. and Osawa et al., Churchill et al,, Adams et al. and Takatsuka et al. do 
not explicitly teach the specific use of the third means residing within the IC for generating data. 
Bhawmik et al. in an analogous art teach that the pattern generator may be a BIST structure comprising 
part of the internal circuitry of the IC, which generates the test patterns (col. 1, lines 21-23, Bhawmik et 
al.). 

Therefore it would have been obvious to one of ordinary skill in the art at the time the invention was made 
to modify Dinteman's patent with the teachings of Bhawmik et al. by including an additional step of using 
the third means residing within the IC for generating data. 

This modification would have been obvious to one of ordinary skill in the art, at the time the invention was 
made, because one of ordinary skill in the art would have recognized that using the third means residing 
within the IC for generating data would provide the opportunity to provide the test patterns to test circuits 
in the IC. 

* 

18. Claims 15, 16, 17, 18, 19, 20, 21 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Dinteman (US 5,948,115) as applied to claim 1 above, and further in view of Saxe et al. (US 5,144,525). 
As per claim 15, Dinteman substantially teaches the claimed invention described in claim 1 (as rejected 
above). 

However Dinteman does not explicitly teach the specific use of the apparatus wherein the programmable 
delay circuit comprises: a plurality of buffers connected in cascade, each having an output; and a plurality 
of capacitive circuit elements, each corresponding to a separate one of the buffers and each providing an 
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adjustable capacitance at an output of its corresponding buffer, wherein the first means controls the delay 
of the programmable delay circuit by adjusting the adjustable capacitance provided by each of the 
plurality of capacitive elements. 

Saxe et al. in an analogous art teach that FIGS. 11A-1 1E are schematic diagrams.. .delay line (fig. 11A- 
1 1E, 12, col. 2, lines 18-22, Saxe et al.). Saxe et al. also teach that adjustable buffer 
amplifier... modulates the total delay through the adjustable buffer amplifier 62D (col. 7, lines 18-29, Saxe 
et al.). Saxe et al. teach that the timing of the delay line... the string of buffers is achieved (col. 7, line 63- 
col. 8, line 1, Saxe et al.). 

Therefore it would have been obvious to one of ordinary skill in the art at the time the invention was made 
to modify Dinteman's patent with the teachings of Saxe et al. by including an additional step of using the 
apparatus wherein the programmable delay circuit comprises: a plurality of buffers connected in cascade, 
each having an output; and a plurality of capacitive circuit elements, each corresponding to a separate 
one of the buffers and each providing an adjustable capacitance at an output of its corresponding buffer, 
wherein the first means controls the delay of the programmable delay circuit by adjusting the adjustable 
capacitance provided by each of the plurality of capacitive elements. 

This modification would have been obvious to one of ordinary skill in the art, at the time the invention was 
made, because one of ordinary skill in the art would have recognized that it would provide the opportunity 
to control the circuit elements to provide adjustable delay to a signal. 

• As per claim 16, Dinteman and Saxe et al. teach the additional limitations. 
Dinteman teaches the first means (prog, pattern gen. 56 in fig. 6, col. 6, lines 30-34, Dinteman). 
Saxe et al. teach adjusting the adjustable capacitance of the capacitive circuit elements so that they 
provide substantially similar amounts of capacitance at the outputs of their corresponding buffers (fig. 
1 1D, col. 7, lines 18-29, lines 52-56, Saxe et al.). 

• As per claim 17, Dinteman and Saxe et al. teach the additional limitations. 
Dinteman teaches the first means (prog, pattern gen. 56 in fig. 6, col. 6, lines 30-34, Dinteman). 

Saxe et al. teach independently adjusting the adjustable capacitance of each capacitive circuit element 
(fig. 11D, col. 7, lines 18-29, Saxeetal.). 
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• As per claim 18, Dinteman and Saxe et al. teach the additional limitations. 
Dinteman teaches the first means (prog, pattern gen. 56 in fig. 6, col. 6, lines 30-34, Dinteman). 

Saxe et al. teach adjusting the adjustable capacitance of at least two of the capacitive circuit elements so 
that they provide differing amounts of capacitance at the outputs of their corresponding buffers (col. 7, 
lines 18-29, lines 52-62, Saxe et al.). 

• As per claim 19, Dinteman and Saxe et al. teach the additional limitations. 
Dinteman teaches the first means (prog, pattern gen. 56 in fig. 6, col. 6, lines 30-34, Dinteman). 
Saxe et al. teach the apparatus wherein each capacitive circuit element comprises: a plurality of 
capacitors, and a plurality of switches controlled for coupling selected ones of the capacitors to the output 
of the buffer corresponding to the capacitive circuit element (fig. 1 1 D, col. 7, lines 18-29, lines 52-62, 
Saxe et al.). 

• As per claim 20, Dinteman and Saxe et al. teach the additional limitations. 

Saxe et al. teach the apparatus wherein each capacitor is provided by an input of a gate having 
capacitive input impedance (fig. 11D, col. 7, lines 25-29, Saxe et al.). 

• As per claim 21 , Dinteman and Saxe et al. teach the additional limitations. 
Dinteman teaches the first means (prog, pattern gen. 56 in fig. 6, col. 6, lines 30-34, Dinteman). 
Saxe et al. teach the apparatus wherein each capacitive circuit element comprises: a plurality of gates 
having inputs linked to the output of the buffer corresponding to the capacitive circuit element, wherein an 
input capacitance of each gate is a function of a voltage applied to the gate, wherein the first means 
controls a magnitude of the voltage applied to each gate (fig. 1 1 D, col. 7, lines 1 8-29, Saxe et al.). 

19. Claim 22 is rejected under 35 U.S.C. 103(a) as being unpatentable over Dinteman (US 

* 

5,948,115) in view of Bhawmik et al. (US 6,463,560 B1). 

As per claim 22, Dinteman teaches the method comprising the steps of: a. providing a programmable 
delay circuit having an adjustable delay controlled by digital delay control data supplied to the 
programmable delay control circuit; b. applying a first signal as input to the programmable delay circuit 
such that the programmable delay circuit delays the first signal to produce a test signal, and c. supplying 
a sequence of digital control data to the programmable delay circuit that varies the adjustable delay 
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during step b such that the test signal jitters relative to the first signal (fig. 4, 6, col. 3, lines 25-33, col. 4, 
lines 57-63, col. 6, lines 30-51, col. 8, lines 38-62, Dinteman). 

However Dinteman does not explicitly teach the specific use of a method for testing a subcircuit of an 
integrated circuit (IC), the subcircuit having an input for receiving an input signal and an output for 
producing an output signal. 

Bhawmik et al. in an analogous art teach that testing of the IC.the test patterns (col. 1, lines 16-23, 
Bhawmik et al.). 

Therefore it would have been obvious to one of ordinary skill in the art at the time the invention was made 
to modify Dinteman's patent with the teachings of Bhawmik et al. by including an additional step of using 
a method for testing a subcircuit of an integrated circuit (IC), the subcircuit having an input for receiving 
an input signal and an output for producing an output signal. 
' This modification would have been obvious to one of ordinary skill in the art, at the time the invention was 
made, because one of ordinary skill in the art would have recognized that it would provide the opportunity 
to test internal circuits of an IC and detect occurrence of faults. 

20. Claims 23, 24, 30 are rejected under 35 U.S.C. 103(a) as being unpatentable over Dinteman (US 
5,948,115) and Bhawmik et al. (US 6,463,560 B1) as applied to claim 22 above, and further in view of 
Speyeretal. (US 6,611,477 B1). 

As per claim 23, Dinteman and Bhawmik et al. substantially teaches the claimed invention described in 
claim 22 (as rejected above). Dinteman also teaches supplying digital delay control data to the 
programmable delay circuit that holds its adjustable delay constant, f. carrying out a plurality of iterations 
of steps d and e with the adjustable delay held to a different constant value during each iteration (fig. 6, 
col. 5, lines 45-47, col. 6, lines 16-20, lines 30-51, col. 8, lines 38-62, Dinteman). 
However Dinteman and Bhawmik et al. do not explicitly teach the specific use of the method further 

» 

comprising the steps of: d. inverting and applying the test signal as input to the circuit and, such that the 
test signal oscillates with a period that is a function of the adjustable delay and e. measuring the period of 
the test signal. 
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Speyer et al. in an analogous art teach that to establish the average period.. .the test circuit (col. 2, lines 
54-58, Speyer et al.). Speyer et al. also teach that the signal propagation delay... the signal propagation 
time (col. 3, lines 22-27, Speyer et al.). Speyer et al. teach that test circuit 205 function as... signal 
transition through test circuit 205 (col. 4, lines 43-46, Speyer et al.). 

Therefore it would have been obvious to one of ordinary skill in the art at the time the invention was made 
to modify Dinteman's patent with the teachings of Speyer et al. by including an additional step of using 
the method in further comprising the steps of: d. inverting and applying the test signal as input to the 
circuit and, such that the test signal oscillates with a period that is a function of the adjustable delay and 
e. measuring the period of the test signal. 

This modification would have been obvious to one of ordinary skill in the art, at the time the invention was 
made, because one of ordinary skill in the art would have recognized that it would provide the opportunity 
to provide an oscillating test signal with an adjustable delay. 

■ 

• As per claim 24, Dinteman, Bhawmik et al. and Speyer et al. teach the additional limitations. 
Dinteman teaches the method further comprising the step of: g. ascertaining values digital control data 
included in the sequence supplied at step c needed to produce a particular jitter pattern in the test signal 
generated at step c (col. 3, lines 25-27, col. 6, lines 39-48, Dinteman) 

Speyer et al. teach the periods of the test signal measured during the plurality of iterations of step e (col. 
2, lines 54-58, Speyer et al.). 

• As per claim 30, Dinteman, Bhawmik et al. and Speyer et al. teach the additional limitations. 
Speyer et al. teach the method wherein step e comprises counting a number of periods of a periodic 
reference clock signal occurring during a predetermined number of periods of the test signal (col. 2, lines 
54-58, Speyer et al.). 

21. Claims 25, 29 are rejected under 35 U.S.C. 103(a) as being unpatentable over Dinteman (US 
5,948,115) and Bhawmik et al. (US 6,463,560 B1) as applied to claim 22 above, and further in view of 
Churchill et al. (US 6,006,347). 

As per claim 25, Dinteman and Bhawmik et al. substantially teaches the claimed invention described in 
claim 22 (as rejected above). 
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However Dinteman and Bhawmik et al. do not explicitly teach the specific use of the method wherein step 
a comprises the forming the programmable delay circuit within the IC. 

Churchill et al. in an analogous art teach the integrated circuit, wherein the programmable scan circuit 
comprises: a logic circuit selectively decoding the scan data; and a programmable delay circuit coupled to 
the logic circuit (fig. 3, col. 20, lines 28-31, Churchill et al.). 

Therefore it would have been obvious to one of ordinary skill in the art at the time the invention was made 
to modify Dinteman's patent with the teachings of Churchill et al. by including an additional step of using 
the method wherein step a comprises the forming the programmable delay circuit within the IC. 
This modification would have been obvious to one of ordinary skill in the art, at the time the invention was 
made, because one of ordinary skill in the art would have recognized that using the method wherein step 
a comprises the forming the programmable delay circuit within the IC would provide the opportunity to test 
the embedded circuits in the IC using a short signal path with less noise. 

• As per claim 29, Dinteman, Bhawmik et al. and Churchill et al. teach the additional limitations. 
Bhawmik et al. teach the method further comprising the step of: d. providing means within the IC for 
monitoring the output signal of the subcircuit to determine whether the output signal behaves in a 
particular manner and for sending data from the IC indicating wherein the output signal behaved in that 
particular manner (col. 1, lines 16-26, Bhawmik et al.). 

22. Claim 26 is rejected under 35 U.S.C. 103(a) as being unpatentable over Dinteman (US 
5,948,1 15), Bhawmik et al. (US 6,463,560 B1) and Churchill et al. (US 6,006,347) as applied to claim 25 
above, and further in view of Adams et al. (US 5,796,745). 

* 

As per claim 26, Dinteman, Bhawmik et al. and Churchill et al. substantially teaches the claimed invention 
described in claim 25 (as rejected above). Dinteman teaches the substep c2. programming the 
programmable pattern generator to generate the sequence of digital delay control data (col. 6, lines 44- 
48, Dinteman). 

However Dinteman, Bhawmik et al. and Churchill et al. do not explicitly teach the specific use of the 
method wherein step c comprises the substep of: c1. forming a programmable pattern generator within 
the IC. 
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Adams et al. in an analogous art teach that referring to FIG. 1, an ABIST circuit on an integrated circuit 10 
in accordance with the present invention includes a programmable pattern generator circuit 100 (fig. 1, 
col. 3, lines 31-33, Adams et al.). 

Therefore it would have been obvious to one of ordinary skill in the art at the time the invention was made 
to modify Dinteman's patent with the teachings of Adams et al. by including an additional step of using the 
method wherein step c comprises the substep of: c1. forming a programmable pattern generator within 
the IC. 

This modification would have been obvious to one of ordinary skill in the art, at the time the invention was 
made, because one of ordinary skill in the art would have recognized that using the method wherein step 
c comprises the substep of: c1. forming a programmable pattern generator within the IC would provide 
the opportunity to test the circuits in the IC that are not accessible through the IC's input output terminals. 
23. Claims 27, 28 are rejected under 35 U.S.C. 103(a) as being unpatentable over Dinteman (US 
5,948,115), Bhawmik et al. (US 6,463,560 B1) and Churchill et al. (US 6,006,347) as applied to claim 25 
above, and further in view of Saxe et al. (US 5,144,525). 

As per claim 27, Dinteman, Bhawmik et al. and Churchill et al. substantially teaches the claimed invention 
described in claim 25 (as rejected above). Dinteman also teaches digital delay control data (col. 6, lines 
39-48, Dinteman). 

However Dinteman, Bhawmik et al. and Churchill et al. do not explicitly teach the specific use of the 
method wherein the programmable delay circuit comprises: a plurality of cascaded buffers connected in 
series, each having an output; and means for applying a capacitance of magnitude controlled by the 
digital delay control data to the outputs of the buffers. 

Saxe et al. in an analogous art teach that FIGS. 11A-11E are schematic diagrams.. .delay line (fig. 11A- 
11E, 12, col. 2, lines 18-22, Saxe et al.). Saxe et al. also teach that adjustable buffer 
amplifier... modulates the total delay through the adjustable buffer amplifier 62D (col. 7, lines 18-29, Saxe 
et al.). Saxe et al. teach that the timing of the delay line. ..the string of buffers is achieved (col. 7, line 63- 
col. 8, line 1, Saxe et al.). 

i 
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Therefore it would have been obvious to one of ordinary skill in the art at the time the invention was made 
to modify Dinteman's patent with the teachings of Saxe et al. by including an additional step of using the 
method wherein the programmable delay circuit comprises: a plurality of cascaded buffers connected in 
series, each having an output; and means for applying a capacitance of magnitude controlled by the 
digital delay control data to the outputs of the buffers. 

This modification would have been obvious to one of ordinary skill in the art, at the time the invention was 
made, because one of ordinary skill in the art would have recognized that it would provide the opportunity 
to control the circuit elements to provide adjustable delay to a signal. 

• As per claim 28, Dinteman, Bhawmik et al., Churchill et al. and Saxe et al. teach the additional 
limitations. 

Dinteman teaches change in value of the digital delay control data applied to the programmable delay 
circuit during step c (col. 6, lines 39-48, Dinteman). 

Saxe et al. teach a change in the magnitude of the capacitance applied to the output of each of the 

cascaded buffers (fig. 11 D, 12, col. 7, lines 18-29, col. 7, line 63-col. 8, line 1, Saxe et al.). 

24. Claims 31, 34, 35 are rejected under 35 U.S.C. 103(a) as being unpatentable over Dinteman (US 

5,948,1 15) in view of Bhawmik et al. (US 6,463,560 B1), Osawa et al. (US 5,815,512), Chetlur et al. (US 

6,535,014 B2), Speyer et al. (US 6,61 1,477 B1) and Churchill et al. (US 6,006,347). 

As per claim 31, Dinteman teaches a programmable delay circuit for delaying a first clock signal to with a 

delay selected by a digital delay control word input to the programmable delay circuit to produce a second 

clock signal; a programmable pattern generator for providing a sequence of delay control words as input 

to the programmable delay circuit (fig. 4, 6, col. 3, lines 25-33, col. 4, lines 57-63, col. 6, lines 30-51, col. 

8, lines 38-62, Dinteman). 

» 

However Dinteman does not explicitly teach the specific use of a programmable delay circuit residing 
within the IC. 

Churchill et al. in an analogous art teach the integrated circuit, wherein the programmable scan circuit 
comprises: a logic circuit selectively decoding the scan data; and a programmable delay circuit coupled to 
the logic circuit (fig. 3, col. 20, lines 28-31 , Churchill et al.). 
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Therefore it would have been obvious to one of ordinary skill in the art at the time the invention was made 
to modify Dinteman's patent with the teachings of Churchill et al. by including an additional step of using a 
programmable delay circuit residing within the IC. 

This modification would have been obvious to one of ordinary skill in the art, at the time the invention was 
made, because one of ordinary skill in the art would have recognized that using a programmable delay 
circuit residing within the IC would provide the opportunity to test the embedded circuits in the IC using a 
short signal path with less noise. 

Dinteman also does not explicitly teach the specific use of an apparatus for testing a subcircuit of an 
integrated circuit (IC), the subcircuit having an input for receiving an input signal and an output for 
producing an output signal. 

However Bhawmik et al. in an analogous art teach that testing of the IC.the test patterns (col. 1, lines 
16-23, Bhawmik et al.). 

Therefore it would have been obvious to one of ordinary skill in the art at the time the invention was made 
to modify Dinteman's patent with the teachings of Bhawmik et al. by including an additional step of using 
an apparatus for testing a subcircuit of an integrated circuit (IC), the subcircuit having an input for 
receiving an input signal and an output for producing an output signal. 

This modification would have been obvious to one of ordinary skill in the art, at the time the invention was 
made, because one of ordinary skill in the art would have recognized that it would provide the opportunity 
to test internal circuits of an IC and detect occurrence of faults. 

Dinteman also does not explicitly teach the specific use of the apparatus comprising: first means for 
selectively applying the second clock signal as the input signal to the subcircuit. 
However Osawa et al. in an analogous art teach that the selector circuit 233... shift mode control signal 
(fig. 1, col. 33, lines 57-67, Osawa et al.). 

Therefore it would have been obvious to one of ordinary skill in the art at the time the invention was made 
to modify Dinteman's patent with the teachings of Osawa et al. by including an additional step of using the 
apparatus comprising: first means for selectively applying the second clock signal as the input signal to 
the subcircuit. 



■ 

Application/Control Number: 10/646,957 Page 21 

Art Unit: 2138 

This modification would have been obvious to one of ordinary skill in the art, at the time the invention was 
made, because one of ordinary skill in the art would have recognized that it would provide the opportunity 
to select the signal input to the circuit depending on the operation mode of the circuit. 
Dinteman also does not explicitly teach the specific use of a multiplexer residing within the IC for 
receiving a third clock signal and the second clock signal for selectively supplying either the third clock 
signal or the second clock signal as the first clock signal input to the programmable delay circuit. 
However Chetlur et al. in an analogous art teach an integrated circuit... circuit path (fig. 1, col. 6, lines 10- 
24, Chetlur et al.). 

Therefore it would have been obvious to one of ordinary skill in the art at the time the invention was made 
to modify Dinteman's patent with the teachings of Chetlur et al. by including an additional step of using a 
multiplexer residing within the IC for receiving a third clock signal and the second clock signal for 
selectively supplying either the third clock signal or the second clock signal as the first clock signal input 
to the programmable delay circuit. 

This modification would have been obvious to one of ordinary skill in the art, at the time the invention was 
made, because one of ordinary skill in the art would have recognized that it would provide the opportunity 
to selectively provide the test signal or an input signal to the signal delay circuit. 
Dinteman also does not explicitly teach specifically that the second clock signal oscillates when supplied 

« 

as the first clock signal input to the programmable delay circuit with a period that is a function of the delay 
provided by the programmable delay circuit; and a test circuit receiving the second clock signal and for 
generating a test signal having edges synchronized to edges of the second clock signal. 

* 

However Speyer et al. in an analogous art teach that the oscillator... the test circuit input node (col. 2, 

i 

lines 51-54, Speyer et al.). Speyer et al. also teach that the signal propagation delay... the signal 
propagation time (col. 3, lines 22-27, Speyer et al.). Speyer et al. teach that test circuit 205 function 

» 

as. ..signal transition through test circuit 205 (col. 4, lines 43-46, Speyer et al.). 

Therefore it would have been obvious to one of ordinary skill in the art at the time the invention was made 
to modify Dinteman's patent with the teachings of Speyer et al. by including an additionally that the 
second clock signal oscillates when supplied as the first clock signal input to the programmable delay 
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circuit with a period that is a function of the delay provided by the programmable delay circuit; and a test 
circuit receiving the second clock signal and for generating a test signal having edges synchronized to 
edges of the second clock signal. 

This modification would have been obvious to one of ordinary skill in the art, at the time the invention was 
made, because one of ordinary skill in the art would have recognized that it would provide the opportunity 
to provide an oscillating test signal with an adjustable delay. 

• As per claim 34, Dinteman, Bhawmik et al., Osawa et al., Chetlur et al., Speyer et al. and 
Churchill et al. teach the additional limitations. 

Bhawmik et al. teach the apparatus further comprising: second means residing within the IC for 
monitoring the output signal of the subcircuit to determine whether it behaves in a particular manner in 
response to the test signal (col. 1, lines 16-26, Bhawmik et al.). 

• As per claim 35, Dinteman, Bhawmik et al., Osawa et al., Chetlur et al., Speyer et al. and 
Churchill et al. teach the additional limitations. 

Speyer et al. teach the apparatus further comprising: second means for counting a number of periods of a 
periodic reference clock signal occurring during a predetermined number of periods of the test signal (col. 
2, lines 54-58, Speyer et al.). 

25. Claims 32, 33 are rejected under 35 U.S.C. 103(a) as being unpatentable over Dinteman (US 
5,948,1 15), Bhawmik et al. (US 6,463,560 B1), Osawa et al. (US 5,815,512), Chetlur et al. (US 6,535,014 
B2), Speyer et al. (US 6,61 1,477 B1) and Churchill et al. (US 6,006,347) as applied to claim 31 above, 
and further in view of Saxe et al. (US 5,144,525). 

As per claim 32, Dinteman, Bhawmik et al., Osawa et al., Chetlur et al., Speyer et al. and Churchill et al. 

■ 

substantially teaches the claimed invention described in claim 31 (as rejected above). Dinteman also 
teaches successive digital delay control word of the sequence (col. 6, lines 39-48, Dinteman). 
However Dinteman, Bhawmik et al., Osawa et al., Chetlur et al., Speyer et al. and Churchill et al. do not 
explicitly teach the specific use of the apparatus wherein the programmable delay circuit comprises: a 
plurality of buffers connected in series, each having an output; and second means for adding capacitance 
of magnitude controlled by the sequence to outputs of the buffers. 
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Saxe et al. in an analogous art teach that FIGS. 1 1A-1 1E are schematic diagrams. ..delay line (fig. 1 1A- 
1 1 E, 12, col. 2, lines 18-22, Saxe et al.). Saxe et al. also teach that adjustable buffer 
amplifier... modulates the total delay through the adjustable buffer amplifier 62D (col. 7, lines 18-29, Saxe 
et al.). Saxe et al. teach that the timing of the delay line... the string of buffers is achieved (col. 7, line 63- 
col. 8, line 1, Saxe et al.). 

Therefore it would have been obvious to one of ordinary skill in the art at the time the invention was made 
to modify Dinteman's patent with the teachings of Saxe et al. by including an additional step of using the 
apparatus wherein the programmable delay circuit comprises: a plurality of buffers connected in series, 
each having an output; and second means for adding capacitance of magnitude controlled by the 
sequence to outputs of the buffers 

This modification would have been obvious to one of ordinary skill in the art, at the time the invention was 
made, because one of ordinary skill in the art would have recognized that it would provide the opportunity 
to control the circuit elements to provide adjustable delay to a signal. 

• As per claim 33, Dinteman, Bhawmik et al., Osawa et al., Chetlur et al., Speyer et al., Churchill et 

■ 

al. and Saxe et al. teach the additional limitations. 
Dinteman teaches successive delay control word of the sequence (col. 6, lines 39-48, Dinteman). 
Saxe et al. teach the apparatus wherein the second means comprises: a plurality of capacitors, and a 
plurality of switches controlled by the sequence for selectively coupling the capacitors to inputs of the 
buffers (fig. 11D, col. 7, lines 18-29, lines 52-62, Saxe et al.). 
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